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(57)Abstract: 

PURPOSE: To provide a forming method of a joined body 
having low electric resistance such as a joined interface or a 
solid polymer electrolyte layer by which formation becomes 
simple by forming the first layer by heat treatment after fluorine 
type polymer solution is applied and dried on the side surface 
having electrode catalyst. 

CONSTITUTION: When a joined body is formed, after fluorine 
type polymer solution being a polymer electrolyte is applied and 
dried on the surface of an electrode catalyst layer 3 of a gas 
diffusing electrode 1 , the first layer 4 of solid polymer electrolyte 
is formed by heat treatment. The second layer 5 and the third 
layer 6 of solid polymer electrolyte are formed by applying 
fluorine type polymer solution on the first layer 4. An electrode 
catalyst layer 3 has a pore 9, and gas is supplied to an 

electrode catalyst particulate 8 by this pore 9. Thereby, the first electrolyte layer 4 requires a 
thickness in a degree that the pore 9 is not blocked and a gas flow is not hindered, and when the 
solution is applied on and after the second electrolyte layer 5, a phenomenon that the first layer 4 is 
dissolved or this pore is reduced or belocked up can be prevented by a method in the present 
invention. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 

precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It faces creating the zygote of the solid-state polyelectrolyte layer for fuel cells, and an 
electrode. After making the side front face which has the electrode catalyst of this electrode 
apply and dry the solution of the fluorine system polymer containing the sulfonic group used as a 
polyelectrolyte. By forming the first pass by heat-treating, and performing the process to heat- 
treat once [ at least ] further, after applying and drying the fluorine system polymer solution 
which contains a sulfonic group on this first pass The creation approach of the zygote of the 
solid-state polyelectrolyte layer for fuel cells and electrode which are characterized by forming 
the layer after the second layer. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the creation approach of the zygote of the solid- 
state polyelectrolyte for fuel cells and electrode which constitute a fuel cell. 
[0002] 

[Description of the Prior Art] It is raised that that it is important especially in an element required 
as a zygote of the solid-state polyelectrolyte layer for fuel cells and an electrode has the low 
electric resistance in the plane of composition of an electrode and a solid-state polyelectrolyte, 
that own electric resistance of a solid-state polyelectrolyte is low, not having gas permeability 
with a superfluous polyelectrolyte, excelling in chemicEil durability or stability to prolonged use, 
that physical reinforcement is strong, etc. 

[0003] It poses current, especially a problem in the above-mentioned element that the electric 
resistance of the solid-state polyelectrolyte for fuel cells itself still occupies the high, big part of 
a fuel cell output loss. In recent years, the fuel cell attracts attention as a clean electrical energy 
source of supply, and since the energy density is high even if operating temperature is as low as 
100 degrees C or less, the using ion exchange membrane as solid-state polyelectrolyte layer for 
fuel cells especially solid-state polyelectrolyte fuel cell in it is expected as the power source of an 
electric vehicle, simple auxiliary power, etc. as a power source for migration. 
[0004] The solid-state polyelectrolyte fuel cell has structure which produces electrode reaction 
by joining the electrode to the both sides on both sides of the so-called ion exchange membrane 
which fabricated the solid-state polyelectrolyte in the shape of film generally, supplying a fuel 
(for example, hydrogen) to one side of a gas diffusion electrode, and supplying an oxidant (for 
example, oxygen or air) to another side. Within the fuel cell, the supplied fuel oxidized according 
to the electrode catalyst, the proton, i.e., a hydrogen ion, was generated, another electrode was 
reached according to ionic conduction in the inside of ion exchzinge membrzine, and the reaction 
which generates water with an oxidant has occurred. 

[0005] It is closely joined to the electrode of a fuel cell, and ion exchange membrane is 
substantially formed in an electrode and integral construction, and is used. Therefore, ion 
exchange membrane needs to be equipped with both a role of an electrolyte for conducting a 
hydrogen ion in a fuel cell, and a role of a diaphragm not to mix a fuel and an oxidant directly 
under pressurization. 

[0006] The ion exchange membrane used for such a fuel cell may be the proton exchange mold 
polymer film equipped with two or more acid functional groups chemically combined with the 
polymer principal chain, for example, may be sulfonated polystyrene, and may be the sulfonic- 
acid polymer fluorinated substantially. However, from the field of endurance, the fluorinated 
sulfonic-acid polymer is used in many cases. 
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[0007] However, in the present condition, it is not established, therefore the junction approach of 
of a still practical electrode and ion exchange membrane does not fix the engine performance, 
either. Furthermore, the electric resistance of the ion exchange membrane itself cannot be 
referred to as sufficiently low, either, but has also become the big cause of the loss of a fuel cell 
output. The thing and polymer structure where the ion exchange membrane of the fluorine 
system for fuel cells used now is used in large quantities by ion exchange membrane process 
KURORU alkali electrolysis are a like, for example, the acids [, such as Du Pont Nzifion 
(trademark), ] type thing is used well. However, generally ion exchange membrane had the 
thickness of 100 micrometers or more, in order to reduce electric resistance, even if it was going 
to make thickness small, when manufacturing the film, big difficulty followed, and also when 
using it, it had the inclination which un-arranging ~ reinforcement becomes weak ~ produces. 
[0008] If it is going to make resistance of ion exchange membrane low, it will be making 
thickness of ion exchange membrane thin as easiest approach. However, reinforcement fell that 
there is a manufacture upper limit community and by making thickness thin, and the thickness of 
ion exchange membrane had the danger that the problem of damaging in case it is junction to an 
electrode would arise. Moreover, in case a gas diffusion electrode is joined to current and ion 
exchange membrane, after carrying out constant-rate spreading and making the catalyst side of 
an electrode dry the solution of an ion-exchange-resin component similar to ion exchange 
membrane beforehand, it has joined to one with a heat press. What the solution of an ion- 
exchange resin component dissolved in the mixed liquor of water and a mixable organic solvent 
which said acids [, such as Du Pont Nafion (trademark), ] type ion-exchange resin as water, and 
propanol and ethyl alcohol about 5% is used well. 

[0009] However, the result which has repeatability in the engine performance at the time of fuel 
cell actuation of an electrode and the zygote of an ion exchange membrane that it is easy to 
produce variation according to the desiccation conditions at the time of forming the viscosity and 
concentration of the solution containing the coverage and the ion-exchange-resin component at 
the time of applying the solution which contained the ion-exchange-resin component in the gas 
diffusion electrode, and a coat etc. is in the situation which is hard to acquire. It was very 
difficult to manufacture the zygote of the solid-state polyelectrolyte for fuel cells with low 
electric resistance, and an electrode excellent in adhesion from the above point. 
[0010] In the fuel cell proposed by JP,4-264367,A, thin film-ization of the ion exchange 
membrane in a solid-state polyelectrolyte mold fuel cell tends to be enabled, and it is going to 
reduce electric resistance. However, still insufficiently [ the approach currently indicated by this 
official report ], the solid-state polyelectrolyte component s£ink into the electrode catalyst bed so 
much in fact, the pore of an electrode was blockaded, the engine performance was reduced and 
there was also a trouble of being hard to control the thickness of a solid-state polyelectrolyte 
layer. 
[0011] 

[Problem(s) to be Solved by the Invention] In case this invention creates the zygote of the gas 

diffusion electrode for fuel cells, and a solid-state polyelectrolyte, it aims at creation offering the 
creation approach of the zygote of the easy solid-state polyelectrolyte for fuel cells with the low 
electric resistance of a junction interface or a solid-state polyelectrolyte layer, and an electrode. 
[0012] 

[Means for Solving the Problem] this invention person etc. completes this invention, as a result 
of examining various the approaches of manufacturing a zygote with the low electric resistance 
which was [ that it is easy to manufacture ] excellent in the adhesion of an electrode and ion 
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exchange membrane. Namely, this invention is faced creating the zygote of the solid-state 
polyelectrolyte layer for fuel cells, and an electrode. After making the side front face which has 
the electrode catalyst of this electrode apply and dry the solution of the fluorine system polymer 
containing the sulfonic group used as a polyelectrolyte. By forming the first pass by heat- 
treating, and performing the process to heat-treat once [ at least ] further, after applying and 
drying the fluorine system polymer solution which contains a sulfonic group on this first pass It 
is the creation approach of the zygote of the solid-state polyelectrolyte layer for fuel cells and 
electrode which are characterized by forming the layer after the second layer. 
[0013] A fuel cell is electrochemistry equipment which transforms a chemical energy into direct 
electrical energy by oxidation of the fuel supplied to a cell, and although there are some classes 
according to the structure, the fuel cell which has a solid-state polyelectrolyte, especially a 
fluorine system proton exchange mold resin layer as an electrolyte can use this invention. The 
gas diffusion electrode used for a fuel cell has the micropore which can penetrate gas, and the 
thing which made a carbon particle like activated carbon support a detailed platinum particle 
generally, and the thing which mixed and carried out heat press forming of the 
tetrafluoroethylene powder are used. Many electrodes made from E-TEK are used as that of this 
type of gas diffusion electrode. 

[0014] After applying the solution of the fluorine system polymer which contains a sulfonic 
group on the catalyst bed of a gas diffusion electrode first in this invention, making it dry below 
100 degrees C and a solvent's fully evaporating and drying, the first pass is formed, and the 
second layer is applied and it is made to dry on the first pass by heat-treating above 120 degrees 
C with the solution of the fluorine system polymer (henceforth an ion-exchange-resin 
component) which contains a sulfonic group again. If it does in this way, even if it will apply the 
second layer, a spreading solution does not sink into the interior of an electrode, but the paint 
film of required thickness is obtdned. 

[0015] If the solution of an ion-exch£inge-resin component is applied on the catalyst bed of a gas 
diffusion electrode, the solution will sink in in an electrode and will die. The catalyst in the pore 
in an electrode will be covered with a solution in that case, and, as a result, a catalyst front face 
will be covered with the thin film of the ion-exchange-resin component which is also an 
electrolyte after desiccation. However, if there are too mziny amounts of the solution to apply, an 
ion-exchange-resin component will close the pore in an electrode, transparency of gas will be 
checked, if too conversely few, there will be no electrolyte in the front face of a catalyst particle, 
and electrode reaction will seldom advEince. Therefore, a moderate quzintity of £in ion-exchange- 
resin component is required for an electrode catalyst bed. 

[0016] For this reason, conventionally the optimal amount which carries out electrode catalyst 
bed glazing cloth is decided experientially, that amount is applied beforehand, and the approach 
of joining to ion exchange membrane had to be taken. However, since the first pass is heat- 
treated at the temperature of 120 degrees C or more in the case of this invention, even if it 
applies the solution which newly contains an ion-exchange-resin component on the first pass, it 
does not sink in to the interior of an electrode, but the second layer has the advantage which can 
be applied by the thickness of arbitration. After the second layer, if it says with the conventional 
concept, and it is a part equivalent to ion exchange membrane and the thickness of this part can 
be controlled to arbitration, it means that ion exchange membrane is made to any thickness as a 
matter of fact. Therefore, in addition to this, it is reducing resistance of ion exchange membrane, 
and controllable [ the diffusing capacity of the moisture in the ion exchange membrane used as 
an important element / to some extent ] for a fuel cell. 
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[0017] In this invention, the temperature whose solvent of an ion-exchange-resin component is 
extent which does not evaporate not much quickly as a drying temperature of the first pass is 
desirable. It is that it dries especially preferably below 60 degrees C that it is [ 100 degree-C or 
less / 80 degrees C or less ] 20 degrees C or more desirable still more preferably for that purpose. 
Moreover, after applying the ion-exchange-resin layer of a first pass eye and drying, 120 degrees 
C or more are desirable still more desirable, and 140 degrees C or more 130 degrees C or more 
are especially preferably suitable for the temperature in the case of heat-treating, if the ion- 
exchange-resin layer applied and dried although the reason which must process at such 
temperature is not clear has the solvent which the array of polymer molecules saw, is still dull, 
and may dissolve a polymer and it will process at an elevated temperature 120 degrees C or more 
to having the structure which is very easy dissolving, it will presume to be what changes to the 
condition polymers become entangled intricately under the effect of heat, and do not melt into a 
solvent easily. 

[0018] As long as a polymer does not deteriorate as a matter of fact, what kind of temperature is 
sufficient as the upper limit of the temperature at the time of heat-treating, but in fact, 250 
degrees C or less, since it is rare for 200 degrees C or less to affect a polymer preferably, it is 
desirable. Since it changes also with classes of gas diffusion electrode, the thickness of the first 
pass is decided experientially in many cases. Moreover, since a solution sinks in in an electrode, 
there is also a field which is not uniquely decided as thickness. However, it is necessary to be the 
thickness by which diffusion of gas is fully made by the electrode catalyst, and it is usually 
desirable on an electrode catalyst front face that it is 1 micrometer or less preferably 5 
micrometers or less. 

[0019] When applying the second layer or subsequent ones, it is also simply good on the first 
pass to apply the solution containing an ion-exchange-resin component. However, when it is 
going to apply the thickness of arbitration, it is necessary to recoat repeatedly. In that case, after 
applying the solution of a constant rate on the first pass, making it dry below 100 degrees C and 
then heat-treating above 120 degrees C, the approach of repeating until it recoats by the still 
more nearly same approach on it and the second layer or subsequent ones becomes the thickness 
of arbitration is desirable. After two layer of ****, an ion-exchange-resin component with 
different exchange capacity from the first pass c£in also be applied. 

[0020] In the semantics which reduces the electric resistance of an ion-exchange-resin layer, 
although it is better as thin, it is necessary to determine thickness other than the first pass in 
consideration of making it the side on the strength at the time of constituting a fuel cell, there be 
no risk of electrodes short-circuiting at the time of energization, etc. When it considers at such a 
thing, as sum total thickness after the second layer, 5 micrometers or more are required and its 10 
micrometers or more are still more desirable. 

[0021] As a solution containing an ion-exchange-resin component used for this invention, if a 
fluorine system ion-exchange-resin component is included, it is desirable that it is the polymer 
which has the following chemical formula, for example anything although it is good. 
[0022] 
[Formula 1] 
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- C CCF2-CF2) CCF2-CF) J n- 

(OCF2-CF) ,-0- (CFi) ,-SOsH 

I 

CF3 

^x=0-2 ; y=2-3 ; i/j = 0~l 0) 

[0023] Since the equivalent weight of an ion-exchange-resin component has problems, like 
reinforcement becomes weak when it is too small to remainder although it is so good that it is 
small from an electric resistance side, its 1 100 g/eq - 600 g/eq is desirable practical. Although 
especially the solvent of the solution containing an ion-exchange-resin component is not limited, 
the mixed solvent which added water, for example to isopropanol, propanol, ethanol, a methanol, 
etc. can be used for it. 

[0024] And it shows it. [ drawing 1 ] [ the zygote of this invention ][**][ type ] In drawing 1 , 
the gas diffusion electrode 1 consists of a hydrophobing layer 2 and an electrode catalyst bed 3, 
and the solid-state polyelectrolyte layer first pass 4 is formed even in the front face from the 
interior of the electrode catalyst bed 3. On the solid-state polyelectrolyte layer first pass 4, 5 is 
formed two layer of solid-state polyelectrolyte and 6 is further formed the third layer of a 

solid-state quantity molecular layer on it. There is an electrode catalyst particle 8 supported on 
carbon 7 in the electrode catalyst bed 3, £ind coating of the solid-state polyelectrolyte layer first 
pass 4 is carried out on it. 

[0025] The solid-state macromolecule layer first pass has also covered the carbon 7 top with 
which the part sank in in the electrode catalyst bed 3, and the electrode catalyst particle 8 was 
supported. There is a hole 9 in the electrode catalyst bed 3, and gas is supplied to the electrode 
catalyst 8 by this hole 9. The solid-state polyelectrolyte layer first pass 4 needs to be the 
thickness of extent which blockades the hole 9 in the electrode catalyst bed 3, and does not check 
circulation of gas. For this reason, in case two layer of solid-state polyelectrolyte **** or 
subsequent ones are applied, it is importzint for the solid-state polyelectrolyte layer first pass to 
dissolve again, or for a solid-state polyelectrolyte component to sink in through the first pass, 
and to make this hole small or to make it not blockade. If the first pass is formed by the approach 
of this invention, since it does not happen, such a thing can constitute a highly efficient fuel cell. 
[0026] In case a fuel cell is constituted using the zygote of the solid-state polyelectrolyte layer 
and electrode like drawing 1 , the electrode which has a solid-state polyelectrolyte layer more 
than a bilayer, and another side have the approach of making stick the sides which have the layer 
of a solid-state polyelectrolyte for the electrode which has only the first pass, and carrying out 
heat press junction, and the desirable approach of joining similarly electrodes with the solid-state 
polyelectrolyte layer more than a bilayer. The junction to the electrode which has a solid-state 
polyelectrolyte layer more than a bilayer in one electrode, and an electrode without such a layer 
is [ an inclination for adhesion with an electrode to worsen and for electric resistance to become 
high ] and is not desirable. 

[0027] As for the temperature at the time of joining the electrode which has a solid-state 
polyelectrolyte layer, it is desirable that it is the temperature to which a solid-state 
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polyelectrolyte becomes to some extent soft, and it is desirable for usually obtaining 120 degrees 
C or more and good adhesion. [ of 140 degrees C or more ] The pressure at the time of joining is 
not limited especially that what is necessai-y is just to decide on the pressure which good 
adhesion tends to obtain to virtual junction temperature. Thus, if a fuel cell is constituted using 
the zygote of the solid-state polyelectrolyte layer and electrode which were obtained by the 
creation approach of this invention and the electrical and electric equipment is taken out for 
oxygen gas and hydrogen gas in a raw material, a fuel cell output higher than the case where a 
conventional electrode and a conventional ion-exchange-membrane zygote are used will be 
obtained, and the stability will not be different from the conventional thing, either. 
[0028] When this invention creates the zygote of the solid-state polyelectrolyte for fuel cells, and 
an electrode in this way. The first pass is formed by applying and heat-treating on an electrode 
the solution of the fluorine system polymer which contains a sulfonic group for the layer used as 
a polyelectrolyte at the side which has an electrode catalyst. Furthermore, since it is formed by 
making the layer after the second layer form by applying the fluorine system polymer solution 
containing a sulfonic group on the first pass The layer of a solid-state polyelectrolyte can be 
made thin, the electric resistance of a junction interface or a solid-state polyelectrolyte layer and 
mass transfer resistance are excellent in small adhesion, and a fuel cell with a large output can be 
constituted. 

[0029] Next, although an example explains this invention, it is not limited to this. 

[0030] 

[Example] 

[0031] 

[Example 1] The solution A containing 5 % of the weight of ion-exchange-resin components 
which are the equivalent weight of lOOOg / solid-state polyelectrolyte of eq shown in the 
foUowing-ization 2 was prepared. 
[0032] 
[Formula 2] 



[0033] The presentation of Solution A shall contain the propyl alcohol 85 section, the water 10 
section, and the ion-exchange-resin component 5 section, as the gas diffusion electrode for fuel 
cells - the size 3cmx3cm product made from E-TEK — a platinum catalyst — 0.35 mg/cm2 it is - 
- two things were prepared. It applied 117mg of solutions A to the catalyst side of this electrode 
of two sheets at a time, and it was made to dry them at the temperature of 40 degrees C for about 
1 hour. It heat-treated for 10 minutes within hot air drying equipment with a temperature of 140 
degrees C further after that, and the first pass was formed. After making the first pass form, 



Machine Translation of JP06-251779 
Page 8 of 9 



applied the 1 17mg solution A, and it was made to dry at 40 degrees C for 1 hour, and heat- 
treated for 10 minutes within 140 more-degree C hot air drying equipment, and the second layer 
was made to form on the first pass of an electrode of two sheets. After making the second layer 
form, even the third layer, the fourth layer, and the fifth layer were formed by the same approach 
as the second layer. 

[0034] Next, the spreading layer sides of this electrode of two sheets are stuck, and they are 145 
degrees C and 60kg/cm2 with heat press equipment. The heat press was carried out for 90 
seconds on conditions, and Zygote B was obtained. Thus, the thickness of a solid-state 
polyelectrolyte layer was about 20 micrometers, the junction condition was also firm and the 
created zygote B did not exfoliate simply. It equipped between 2cm and the 3cm x3cm flanges of 
inside dimension [ of 2cm ] x outside ** which are made to stick the electric supply object for 
taking out the electrical and electric equipment for this zygote B on those both sides, and have 
the intake and draw opening of gas, and the body of a fuel cell was constituted. The fuel cell was 
connected to the external load, and the output current and output voltage were measured on 
condition that 55 degrees C and latm, having supplied hydrogen gas to one side £ind supplying 
oxygen gas to another side. The result is shown in drawin^.2 . 
[0035] 

[The example 1 of a comparison] The completely same solution A as an example 1 and the gas 
diffusion electrode were prepared. Moreover, Nafion 117 of DuPont which is the ion exchange 
membrane of the sulfonic acid type of a fluorine system as ion exchange membrane was also 
doubled and prepared. The two same electrodes as an example 1 were prepared, and the first pass 
was formed on the completely same conditions as an example 1 except not heat-treating at 140 
degrees C. 

[0036] Ion exchange membrane was beforehand processed by 100 degrees C of sulfuric acids 8% 
for 2 hours, £ind zifter pure water washed zifter that, it was immersed into the pure water boiled for 
about 1 hour. After wiping off the waterdrop of the front face of ion exchange membrEine, the 
spreading side of the electrode of two sheets is turned and stuck to an ion-exchange-membrane 
side, and they are 145 degrees C and 60kg/cm2 with heat press equipment. The heat press was 
carried out for 90 seconds on conditions, and Zygote C was obtained. 

[0037] The fuel cell was constituted for this zygote C completely like the example 1, and the 
engine performance was measured. A result is shown in drawing 2 . As for the zygote of the 
solid-state polyelectrolyte layer for fuel cells and electrode which were created by this invention 
approach, it is clear that the fuel cell engine performzince is good. 
[0038] 

[Effect of the Invention] Since a solid-state polyelectrolyte layer can be thinly fonned by the 
manufacture approach of this invention in case the zygote of the solid-state polyelectrolyte for 
fuel cells and an electrode is manufactured, the electric resistance of a solid-state polyelectrolyte 
layer and mass trzinsfer resistzince c£in constitute the fuel cell with a large output which was 
excellent in small adhesion. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 

precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawing j 1 They are the sectional view in which, and having shown it, and its partial enlarged 
drawing. [ the zygote of the solid-state polyelectrolyte of this invention, and an electrode ][**][ 
type] 

[Drawing 21 It is the graphical representation having shown the output current of the solid-state 
polyelectrolyte fuel cell of the exzimple 1 of this invention, £ind the exzimple 1 of a compmson, 
and the property of output voltage. 
[Description of Notations] 

1 Gas Diffusion Electrode 

2 Hydrophobing Layer 

3 Electrode Catalyst Bed 

4 Solid-state Polyelectrolyte Layer First Pass 

5 Two Layer of Solid-state Polyelectrolyte **** 

6 Three Layer of Solid-state Polyelectrolyte **** 

7 Carbon 

8 Electrode Catalyst Particle 

9 Hole 



[TrEinslation done.] 



